Background: Recurrence of Glioblastoma multiforme (GBM) seems to be the rule despite combination therapies. Cell invasion and cell proliferation are major reasons for recurrence of GBM. And insulin-like growth factor binding protein 5 (IGFBP5) is the most conserved of the IGFBPs and is frequently dysregulated in cancers and metastatic tissues.
Background
Glioblastoma multiforme (GBM) is the most common malignant and aggressive intracranial tumor in adults [1] . The average annual age-adjusted incidence rate of GBM was about 3-5/100,000/year [2, 3] . And the mean overall survival achieved with combination therapies only 14.6 months [4] . Currently, maximal safe neurosurgical resection accompanied by radiotherapy and chemotherapy are the standard treatment for GBM [5] . However, recurrence seems to be the rule despite combination therapies [6] . Considering that the entire tumor cannot be removed because GBM invades to surrounding tissues and underlie tumor repopulation, making inhibit growth and invasion of GBM as a critical target. But, the mechanisms of GBM cells invade the surrounding tissue are still unclear.
Epithelial-to-mesenchymal transition (EMT) has emerged as a regulator of invasive state in glioma [7] . EMT is process in which epithelial cells changes that culminates in a mesenchymal phenotype, characterized by cells with weak cell adhesions and enhanced the migratory capacity [8] . There are many factors have been described as potent to drive EMT [8, 9] . Recent studies have shown that IGFBP5 expression can influence the EMT process [10, 11] . However, the effect of IGFBP5 on EMT remains unclear in GBM.
Open Access
Cell Division Insulin-like growth factor 1 (IGF-1) is a member of the insulin superfamily of growth-promoting peptides and is the most abundant and ubiquitous polypeptide growth factor [12] . And IGF binding proteins (IGFBPs) comprise a family of six proteins that function as critical regulators of IGF1 bioavailability [13] . IGFBP5 is the most conserved of the IGFBPs and is frequently dysregulated in cancers and metastatic tissues [14] . Many studies have shown that IGFBP5 can suppress tumor proliferation and metastasis [15] , while others have shown that IGFBP5 can function as an oncogene to promote tumor metastasis [16] . IGFBP5 has both IGF dependent and IGF independent regulatory effects on cell function. IGFBP5 can bind to conserved amino terminal domains of IGF1 and affect IGF1 receptor (IGF1R) signaling thereby regulating cell function, while the IGF-independent mechanism does not alter IGF1R signaling [17] .
Despite increasing number of studies have shown that IGFBP5 has been associated with various types of cancers, its function in the progression of cancer is controversial. The expression level and functional differences of IGFBP5 in distinct cancer types and in the same tissue type suggests that there are still many mysteries about IGFBP5 [18] . In previous studies, few have provided mechanistic insights for IGFBP5 in GBM. Thus, it is imperative to determine the function of IGFBP5 in GBM.
In the present study, we found that IGFBP5 exerts different effects on the proliferation and invasion of GBM cells. Knockdown of IGFBP5 inhibited the migration and invasion of GBM cells, whereas promoting cell proliferation. Mechanistically, we uncovered an unexpected role of IGFBP5 in promoting cell invasion by regulating EMT, but inhibiting cell proliferation by suppressing the phosphorylation of AKT.
Results

IGFBP5 expression was upregulated in high grade glioma
In order to analyze the expression of IGFBP5 in glioma, we stained of human glioma tissues with antibodies against IGFBP5, and the results indicated that IGFBP5 clinically correlated with the progression of glioma (Fig. 1a) . We then analyzed The Cancer Genome Atlas (TCGA) database [19] and Chinese Glioma Genome Altas (CGGA) database (http://www.cgga.org.cn), similar results were obtained and found that GBM tumors with elevated expression of IGFBP5 (Fig. 1b, c) . Taken together, these findings suggest that IGFBP5 is positively correlated with the progression of glioma.
Short interfering RNA (siRNA) deplete IGFBP5
To deepen study the functions of IGFBP5 in GBM, we transfected the human GBM cells with siRNA specifically Fig. 1 IGFBP5 expression was upregulated in high grade glioma. a Immunohistochemistry analysis showed that IGFBP5 expression clinically correlated with the progression of glioma. Scale bar = 1000 μm. b IGFBP5 expression is significantly upregulated along with the WHO grade in the CGGA database. c IGFBP5 expression is significantly upregulated in GBM contrasted to normal brain samples in the TCGA database. **P < 0.01, ***P < 0.001 and ****P < 0.0001 targeting the IGFBP5. First, we used anti-IGFBP5 antibody to analyze the IGFBP5 expression levels in U87, U251, LN229 and one human GBM primary cell line (G1). As shown with Western blot (WB), the IGFBP5 expression level varied in different cell types, and U251 and G1 cells showed high IGFBP5 expression (Fig. 2a) . Next, we transfected U251 cells with siRNA to deplete expression of IGFBP5. Compared to the control group, both mRNA and protein levels of IGFBP5 were downregulated in study group (Fig. 2b, c ; Additional file 1: Fig.  S1 ).
Inhibit IGFBP5 represses GBM cell invasion
To investigate the role of IGFBP5 in GBM progression, we transfected the GBM cell lines U251 and G1 with IGFBP5 siRNAs, which enabling downregulated expression of IGFBP5. Then, we assessed the effects of IGFBP5 on cell invasion using Matrigel cell invasion assay. Our results showed that downregulated expression of IGFBP5 can significantly repressed GBM cell invasion (Fig. 3a, c) .
Because previously study showed that N-cadherin enhanced glioma migration and metastasis [20] . And Vimentin is a marker of cellular EMT, a phenomenon associated with GBM invasion and metastatic [21] . We speculated that N-cadherin and Vimentin proteins are downregulated by depleting IGFBP5 in GBM. To examine this possibility, we assayed the N-cadherin and Vimentin proteins levels using WB after transfected siRNA of IGFBP5 into GBM cells. The results were found that downregulated expression of IGFBP5 can decrease the expression of N-cadherin and Vimentin proteins (Fig. 3b,  d ). These data strongly suggest inhibit IGFBP5 represses GBM cell invasion.
Inhibit IGFBP5 promotes GBM cell proliferation
Next, we wished to determine whether knockdown IGFBP5 can also repressed GBM cell proliferation. To this end, we used Cell Counting Kit-8 (CCK-8) assay to assess the effect of IGFBP5 on cell proliferation. Surprisingly, the experiment turned out to be completely contrary to our suspected. Down-regulation of IGFBP5 actually promoted cell proliferation (Fig. 4a, c) .
Because IGFBP5 had been shown to stimulate proliferation is related to the PI3K (phosphoinositol-3-kinase)/Akt pathway in cancers cells [22] , we examined the Akt and pAkt proteins levels using WB after IGFBP5 Western blot confirmed that IGFBP5 expression had been downregulated using siBP5-b and siBP5-c. **P < 0.01, ***P < 0.001 and ****P < 0.0001 Western blot confirmed the reduced proteins' levels of N-cadherin and Vimentin in siBP5 cells (U251 and G1) relative to control. *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 silencing. We observed IGFBP5 silencing result in an increase in pAkt protein levels both in U251 and G1 cell lines ( Fig. 4b, d ; Additional file 2: Fig. S2 ). Together, our results indicate that inhibit IGFBP5 promotes GBM cell proliferation.
IGFBP5 expression levels are significantly elevated in recurrent glioma compared with the primary glioma
Since IGFBP5 can promote GBM cell invasion, we speculated that recurrent glioma IGFBP5 expression levels should be higher than primary glioma. To test this, we evaluated the expression of IGFBP5 in CGGA database. Consistent with our speculate, recurrent glioma expressed a higher level of IGFBP5 than primary glioma (Fig. 5a ). And the database show that high expression of IGFBP5 in glioma or recurrent glioma resulted in poor prognosis (Fig. 5b, c) .
Discussion
The IGFBPs family includes many subtypes. Many previous studies indicate that IGFBPs can promote tumor growth but can also function as anti-oncogenes [17] . IGFBP2 has been demonstrated to show promoted tumorigenicity in various cancer types [1, 23, 24] . And in high quality glioma studies, IGFBP-2 showed non conflicting results in predictive biomarkers [25] .
However, other IGFBPs have differ roles among different tumor circumstances [17] . IGFBP5 as the most conserved of the IGFBPs, its different domains have different effects on tumorigenicity and metastasis of different human cancers [26, 27] . IGFBP5 has been involved in regulating the growth and development of various types of cancers [18] , but few studies have provided any deep understanding of IGFBP5 on GBM. We have identified a different role of IGFBP5 in the induction of GBM cell proliferation and invasion that could provide a new insight into the treatment of GBM.
In addition to reports that the expression of IGFBP5 clinically correlates with the histologic grade of GBM, our study further identified IGFBP5 can promote GBM cell invasion and elucidated that its promoting effect was related to the EMT. EMT is essential for enabling tumor cells to invade surrounding tissues and eventually disseminate to distant sites [28, 29] . During EMT, E-cadherin switch to the N-cadherin [30] , and the expression of mesenchymal proteins, N-cadherin and vimentin are increased [21, 31] . These previously published studies are consistent with the results presented here. These results also explain why the expression of IGFBP5 in recurrent GBM is higher than that in primary GBM (Fig. 5a ). And GBM recurrence is nearly universal and no current regimen can overcome [32] , whereas the biology of recurrent glioblastoma remains Fig. 4 Inhibit IGFBP5 promotes GBM cell proliferation. a, c CCK-8 assay were used to explore the U251 and G1 cell proliferation after transfected with siBP5 or si-NC for 24 h or 48 h. b, d Akt and pAkt were detected by Western blot analysis and β actin was used as an internal control, the corresponding semi-quantitative analysis of pAkt(Ser473)/Akt ration was based on optical density with ImageJ software. *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 largely unknown. Our study suggests that EMT could be a therapeutic target for recurrent GBM.
A characteristic feature of GBM is rapid growth [33] . In this study, we investigated the effect of IGFBP5 on GBM proliferation. Previous studies on the role of IGFBP5 in the proliferation of cancer cells are inconsistent. IGFBP-5 expression is an important mediator of pancreatic cancer cell growth [34] . And IGFBP5 can reversed the antiproliferation effects of miR-204-5p in papillary thyroid carcinoma [35] . On the other hand, IGFBP5 can suppress the gastric cancer cell growth [15] . And overexpression of IGFBP5 inhibits cell proliferation in human osteosarcoma cell lines [36] and human melanoma cell line [10] . However, our study found that inhibiting IGFBP5 can promote GBM cell proliferation by stimulating Akt phosphorylation. Activation of Akt is an important cell proliferation signal when treated with IGFBP5 [22] , but we showed that down-regulation of IGFBP5 induced an activation of phosphorylation of Akt in GBM.
Thus, we show for the first time that IGFBP5 has two sides in GBM-inhibiting cell proliferation but promoting cell invasion. This result leads us to speculate that GBM cells tend to proliferation rather than invasion when IGFBP5 is absent. As a recent study shows, E-cadherin acts as a survival factor in invasive ductal carcinomas during the systemic dissemination and seeding phases of metastasis [37] . Our results support the concept of cancer cell invasion and proliferation is a complex and variable process. And there are many mysteries that remain to be solved about the IGFBP5 protein.
Conclusions
In summary, our study demonstrated that IGFBP5 has a dual role in GBM-inhibiting cell proliferation but promoting cell invasion, which involve Akt and EMT signaling pathway. This result leads us to believe that the treatment of GBM requires targeting tumor proliferation and invasion, respectively. And further studies are 
Methods
Cell culture and tissue samples
The human GBM cell lines U87, U251, LN229 were purchased from Cell Bank of Peking Union Medical College (Beijing, China). And the human primary GBM cell line G1 was established from the GBM tissue of an untreated 37-year-old male patient. Cells were cultured in DMEM (Invitrogen, Carlsbad, CA, USA) with 10% fetal bovine serum (FBS, EVERY GREEN, Zhejiang, China), 2 mM l-glutamine, 100 U/ml penicillin and 100 μg/ml streptomycin at 37 °C in an environment of 5% CO 2 .
The acquisition of tissue samples was approved by the institutional review board of Beijing Tiantan Hospital affiliated to Capital Medical University. And informed consent was given by all patients examined. At least three experienced pathologists confirmed the histological diagnoses.
Immunohistochemistry (IHC)
Immunohistochemistry (IHC) experiments were performed as previously described [38] . Anti-IGFBP5 (1:500, sc-515184, Santa Cruz, CA, USA) was used to measure the protein expression levels of different grade gliomas. For image acquisitions, three random fields were obtained in each slide by Zeiss Axio-Imager. M2 (Carl Zeiss Microscopy GmbH, Oberkochen, Germany). All tissue slides were reviewed by a blinded pathologist confirmed the histological diagnoses. And the area percentage of staining in a 200× magnification were analyzed by ImageJ software (Version 1.52, Bethesda, MD, USA).
RNA interference, RNA extraction, and quantitative real-time PCR
Quantitative real-time PCR (qPCR) was used to assess the mRNA levels of IGFBP5 in si-negative control (si-NC) and si-IGFBP5 (siBP5) cells according to the procedures as described before [39] . The primers used for qPCR were as follows: IGFBP5, forward 5′-CGG GGT TTG CCT CAA CGA A -3′, reverse 5′TCT TGG GGG AGT AGG TCT CCT-3′; GAPDH, forward 5′-CTG CAC CAC CAA CTG CTT AGC-3′, reverse 5′-CTT CAC CAC CTT CTT GAT GTC 3′.
Three siRNAs specifically targeting IGFBP5 were designed and provided by Guangzhou RIBOBIO Co., Ltd (Guangzhou, China). siRNA sequences were as follows: siBP5-a: GCC CAA TTG TGA CCG CAA A; siBP5-b: GCC TCA ACG AAA AGA GCT A; siBP5-c: GAC CGC AAA GGA TTC TAC A. U251 and G1 cells were seeded in 6-well plates and then transfected with 75 pmol siRNAs by using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The cells were collected 24-72 h posttransfection for qPCR or WB analysis.
Western blots analysis
Western blots analysis was used to assess protein expression levels in si-NC and siBP5 cells, and performed as previously described [39] . The following primary antibodies were used: anti-IGFBP5 (1:500, sc-515148, Santa Cruz), anti-β actin (1:5000, A5441, Sigma-Aldrich, Oslo, Norway), anti-Vimentin (1:1000, 5741, Cell Signaling Technology (CST), Danvers, MA, USA), anti-N-cadherin (1:1000, 13116, CST), anti-AKT(pan) (1:1000, 4691, CST) anti-pAKT (Thr308) (1:1000, 13038, CST) and antipAKT (Ser473) (1:1000, 4060, CST).
Transwell invasion assays
U251 and G1 cells transfected with si-NC or siBP5-b/c were seeded at 5 × 10 4 per well onto the upper Transwell chambers (8-μm pore size, Corning), which were pretreated with the growth factor reduced basement membrane matrix (Geltrex, A1413202, Invitrogen) evenly and incubated at 37 °C for 30 min. And 10% FBS-containing medium was placed into the lower chamber. After incubation under 37 °C in 5% CO 2 for 12 h, the invasion cells through the pores were fixed with 4% paraformaldehyde and stained with crystal violet. And the non-invasion cells at the upper chambers were removed. Then penetrated cells were quantified by ImageJ.
Cell proliferation assay
To explore the effect of IGFBP5 on GBM cell proliferation, a CCK8 (Dojindo, Kumamoto, Japan) assay was performed following the manufacturer's guidelines as described previously [39] .
Statistical analysis
Statistical significance was assessed by one-way ANOVA with Bonferroni correction for multiple comparisons using Prism 7 (GraphPad Software Inc. CA, USA). All experiments were performed at least three times. Data were expressed as mean ± standard deviation (SD). Differences between samples were considered significant at *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 (Additional file 1: Fig. S1 , Additional file 2: Fig. S2 ).
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